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Final. Report

The work reported herein concerns research carried on under 
Contract

F33615-71-C-l2
74 between February 1, 1971 and June 30, 1973. This document

MATERIALS MfEASURED

(February 1, 1974 to July 1, 1974)

Material Source Manufacturer

Noryl SE.-1 Alford General Electric

Borosilicate coating Rockwell

Organic Foam 
t

RTV 
t

Nomex felt 
t

Honeycomb It

Foam

Viton G.E. Dupo-ti

Shale rocks Raytheon

Polyurothane

j sealant P/N 596927

Kevlar reinforced WThittaker
polybutad icee
(Firestone P8502)

Astrdcquartz reinforced

polybutadiene (3164-11)
.(Firesrona PH 502)

(PPQ 401) reoin

Cyanurate ete -eIn
(XSR-10500)

A TWTRAN 2. 4, 5, 6. 8 Kod-ak

r..0153 
slo Yor

EeotaFarlier measurements aud/or data are listed in the folloving fC GRAB C

1. A MiL-TR-72-39, April 1972 - datat 1CAt1fL

2. Interim Report, July 31, 1972' - listing only

3. Anrnial Report, February 1, 1973 - data

Avallubillty Ced'

-~o 
I Av i1 atidol'

3lt
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4.ItrmRprAgst1 93 lsigol
4. Interim Report, Aebugust 1, 19734 listing only

A technical report covering data obtained since april 1972 and an updated

index to all data will be issued on the succeeding covitract.

EQUIPM24T DEVELOPMENT

Low-Fr.equency Precision Bridge

Work has co~ntinued intermittently on the low-frequency (0.5 Hz-

1 kHz) bridge described in our Report AFML-TR-71-66 on a previous contract.

The capacitance network is complete and the bridge has been used with a

temporary G network for manual operation. The useful frequency range in

. 1/8 Hz to 10 kflz with typical laboratory samples. The capacitance volt-
age selector switch has double contacts connected by a 5-ohm resistor and

~ -j.staggered in rotation, so the transformer is never open circuited or.........
. shorted. For the G network, not yet completed, each transformer tap con-

~. nects to two reed switches operated by a bar magnet which turns on a second

- - adjacent switch before turning off the first. A total of 1000 reed switches

~ .4 are used and their lack of uniformity was a major problem. At present all

units have been tested and are ready for assembly.

Saimole Holders for Wide-liange Bridpp,

j Two sample holders were added to this bridge covering the frequency

range I.11z. to 20 M11z. Both are for samples with diameters to 2 inches with
"t"Wese o1/ nh The first allows measurement in a vacuum from

~ .'...-190 to +200 0 C. The second allowe samples to be measured in equilibrium with

2;~1Amoist air (or other atttosphere) circulated through the saraple holder. To-

gother they are useful for studying the effect of ipecial at~osphere on the

electrical properties of surfaces and intergrain boundaries in Liintered

materials.

Signal Sources

During the last 3-1/2 years the laboratory h-as acquired, on another

contract, tu-o signal generators with levelied outputs and utith frequezicy

stability and accuracy of 1 ppm. The instruments -are listed below:
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.......... Rockland Model 5100 programmable synthesizer, .001 Hz to 2 14z, 2 volts
into 50 ohms.

H-ewlett-Packard Model 8640B signal generator, 500 kHz to 512 M~z,
1 volt into 50 ohms.

During this contract period an oscillator-multiplier combination

capable of simultaneously providing 1 watt at 300 M4Hz and 200 mW at 900 M4Hz

was constructed.
The 8640B replaces two older sources described in Tech. Rep. 36, July

1950, pp. 35-37. These were used for our susceptance variation circuit.

The 8640B also replaces General Radio Unit Oscillators and previous*

j oscillator multiplier combinatlions for feeding our standing-wave equipment

/1 in the range 150 to 1000 M4Hz.

PROGRANMING

1 1. Temperature Runs on Standing,-Wave Eguipmenc

.4 We have recently combined many correction termý! used in temperature runs,

especially on plastics, into the final program. A review of the measurement

procedure will indicate the parameters involved.

I The empty holder is calibrated for node shift and change in node width

with temperature. The change in length of a coaxc holder is identical with

node shift; for hollow waveguide a separate measurament wit'-. depth gauge is

made. In the temperature range reported here the node shift of empty holder

is linear; in line 31 of Program I in the Appendex thr correction is made

in sample node (with revers-al of sign) instead of air node. The sample

length is determined by combining the change in depth gauge readings (fDDO-

DD) with the known thermal change in length of the holder (line 32 of the

program). For TE modes cutoff wavelength -and gmide wavelength vary with
temperature (lines 39 and 40). The change in loss of the ailr-filled section

of holder appears in litee 43. Fin~ally corrections are made for sample fit

using separately determined values of sample diateeters (lines 181-185 or 210)

•:V~...and for u~all losses in the sample fVlled uection wýhich is also temperature

dependent (lns188 or192).

2. Radome Analysis for Pernondicular Incidence

The nomenclature for this analysis is given in Fig. 1. Wave propagation

See, for e-xample, H.S. Thesis of S, 1. Kramer, Elec. Eng. Departnent, MIT,
1946, and early progress reports of this laboratory.
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78  Y6  Y5 Y4  Y3 Y2

T T T T  T T3 T T

B 8 B7 6 B5 4 B3 B2 B

E9 E8 E7 E6 E5 E4 E3 E2 El

Fig. 1 . Nomenclature for multiple-layer radem~e.

is from left to right. From the mathematics developed by Kennelly and
reiterated by Hartig,2  the field strength at boundary 1 is defined as

1 + JO and serves as the reference field. The impedance at this boundary

is that of free space ZO.

At boundary 2

-~~ E2 El sinh (y T~ + P i)/Sinh P2 l

where p an (ZU/Z01). In more general terms;

ZB Z~ tanh(y T + P(2)

and
E ~~~ sinh(y T+p)on 4

(1+1) n an VanhP 4

The power level at each boundary is E~ x G, where C is the veal part of the

admiittance Y lJ/fl

In the Program. (2) given in the Appendix, 'L.~OOP 1U computes the

propagation function and intrinsic impedance for each layer from the given
value~s of dielectric constant (Xl) and loss (TAN). Lines 36 through 41

deftne initial conditions. The relation

tanhl (A + jfl) - C + JD' (5)

vith C and Dl given by THRB, is solved for A and B through lines to 64. The

valtses are further refined in the Do 400 LOOP from an initial precision of

1. A. E. Ket~nelly,Chart Atlas ofComplex Hiyperbolic aind Circular Functions,
Hiarvard Univarsity Press, CambridgL,, ýiar 19-24, pp. 228-33.

2. It. E. Hartig, Charts for Trans-nission Line Problems, Physics 1, N~o. 6,
Decem~ber 1931, pp. 380-387.
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10 to 10 .Then with pB known, ZB() can be calculated (line 114),

as well as voltage ratios (line 120), and power levels (line 124). This

procedure is repeated for each layer (Do LOOP 13). Finally the magnitude

of the impedance of the last boundary is used to calculate the standing-

wave ratio and input reflection loss (lines 143-146), and an equivalent

single-layer dielectric is defined (lines 148-152). It is obvious that a

.f; ~single-layer dielectric cannot necessarily have the same phase shift and

attenuation of the composite and at the same time match in input impedance.

A few examples of a single-layer radome are given to illustrate how

the equivalent dielectric differs from the real as a function of thickness.

Five-Layer Analysis

Layer No. Material Thickness
(inches)

1Boro-Silicate coating .0209

7.2 Alumina foam (Reusable Surface 2.0000
Insulation) RSI

3 Nomex felt w-ith RTV coating both sides .1435

(Strain Insulation Pid), SIP

*4 Reinforced polyimide sandwich with

.phenolic honeycomb cell (Carrier panel) .5350

5 Mfoisture avoidance pad, W%2, fle.ible foam .1260

Nine-LAyer Analvaja

~ ji:: 1Boro-Silicate coating .0209

2 RSI 2.0

43 RTV .0197

4 Nomiax felt =at .1040

5 RIV .0197

6 Noncycomb akin, fiberglass laminate .0260

7 Hloneycomb core .4830

8 Honeycomb ak-in, fiberglass lauinate .0260

9 HIAP f oam .1260
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3. Open-Circuit and Short-Circuit Measurements

In measuring a completely unknown material, it is common practice to

make measurements with sample against the short and a quarter-wavelength

away. We normally calculate the results of both measurements independently.

The last program of the Appendix uses the value of propagation function

obtained in the first measurement as the initial value in the iteration

costs and data typing.

.............. .

. [i-5J4 ",'•.
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PROGRAM 1. SAMPLE AGAINST SHORT, TEMPERATURE RUN WITH INCORPORATED

THERMAL CORRECTIONS

FORTRAN IV Gi RELEASE 2.0

6301 INTEfnER4 1,JK,',I\X
U1.02 R[AL-ý6 3,X[t\ Sl,ý XD,~~A~,2B ltE 141 let

2O01. GCZ1~4SýCD~J~Ce ERCLCACLC zINRETA ,ZI]AL.Z111MIW1,
9KAPPA, KAI)PACL 1,L2 L 3 R ,T &ND, T I NOC,132J,03, SNC TCLT TJ T-2T,-C3,
3COSINE,rOtW~l,,l,1A?-A,TANBPI I,PII?,ZPJ,CMtSTE:P(22)/I.5c-2 t
4 1. 2D-2

5I 1 X-5 9

7WL2tC1CA,A5,ý6,C1,C2,CIC,C2CFCC
CCO3 CCPPLFXx'46 Z1,72,Z3,ZSZ1l,,Zll,Z12,Z13,ZlI4RZI4I,Zlb,

2Z14 , Z i 2-E 6, Z I P:, Z121 P, Zl2 S C G, H, Z 15 vZ2A ,ZCNE, Zu(Ui4E
0J04 REAL*8 SILLY(?),FAKt(2)
(0005 EOUIVALEtNCE (Slt.LY(1k,7AI),(FAKE(1),ZI5)

ZT(C3J) ,Cf 3ý)
0 07 NAMEL 1S 1/IN / CS ,S N, N NX ,G , E2, C3 ,T , C CICC N STfCAAN t FC ,L ~T A N TC 1

2TC2,TC3 1T(,ýCT'9CC,TC5*4,A5,tbCtC2,TCu
3O 40.A FCPhWAT(1X,1;P4)

ýalC, 22ý r-CW*'AT U(1i,9)X 2 SI,2 F SN ,N, (.,A -IHD # 7x, H2r XoZ)Q3vbX *1HN t

2?Xt~e.2)

Q 0I1X 77 REAO 5 ?U r- r,=F A) AT E

('1 -jTt62O 15S( lo;I10RI),2 I TE ( 6~ 2 1,U ) Cr Al E

0 -o2o WR I TCCF'16 cN SI
2 1 ~ WtI T E ( C100)

.CAiQ8)2

ICNL ai C, .G.,ýO

i U29 1 1S& I.F C .AN) SC T Ic

Cr') "' Xlfl I4~-L( I L H -2V"

-jp32 4*! C? ( )) - 7L)m Ii) T -
~31 r,- cv r
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0J33 3 3 1. 1=3.4125"c 5 E 1.27C rC2
0U39 AC2 WIC. ltrrE+TC.C( T(I -T C

mjC J 4, "' W L2-=PS CRT ( L w C 2-:mt% C2*(.",21 ( vC 2v- '.-L- O )
%•O 41 35 K3=,L2/ ( P I I?"IC

0 4,2. Y=nl12;r;(XF-.N*+SNC)/LW
00 4" 4 3 V CA = C A-4(C.N E+ 5 t llS)T ,j) 5 (T ( I -T J *= 2)

i u0444U " D X=,)S ( I ) - CCA

0C45 IF(OXLE ZRC) GC TO 1,0
4(.46 CCSlINE = CC'.] S ( F I I ý,ACY W4 : )V*?
GD47 X=OS IM(PII ,Ox/L )/!.S),'\T( 2.,rJ-CPSI NF I

1!:\,4 Q Z I =/Cc,.c% •

• 0050 Z2A f.=7 C N X
"Ca)5L z2=Z2Azl-

4052 Z3=ZCN&-L2A*Z1
QJ53 Z9=Z21 Z30054 ~ ~~ ~ ,'1= - %• -<-

0055 z11=3 ICAZ
005,S Z11RE:SILLY{l)
X057 Z 11 Il,v= SI L L• 2

u053 ZY$SCRT 2 1I.P%,24 I P• 1V\2 1

U059 1F( NUI EEC. I) CC TC 141

C 06 Q I F[ I I) .GE, 2 1;o TO 1Az
0061 141 IFrI 1.C.t. ýINC. lI IKiE.ZIC2.? GC TC 1 50 (0062 elIF Z 0. L F. C N tý N' . I 14 F. L T.-Z k J GC 1 5 1•]

cm 63 1F z,,.GT.c F, ..aIq c.F.E. wi GO Ti 1521;" 0,64 1F(F I GT " .'NF.A fC . l Rr t L ] (U' V) 15

o kA 5 142 IF I E , .ANr F . t ' . IR ER...,)i 1 1',i 7C
1Ob 7k.I- .C GLC TC 171

0067 1 (?F.GT.Ch .. I I ILR .GF,.IR GC T 172
OU63I i IF N . GT .rC \F..K C.Z IL E.LIZ R I GO 1 1,73

CC69 150 a C7N
0373 A=,2.1-1PCX/LW
0OJT1 CC TC 166

,: -;:,•0372 151 !Rd72.1r- [

.073 A=? f 11rXIV4
0047 G: TC 16C

.- •_- 0GO 76 Art:. •'D /

0077 GO TC .
CC7q 153 1=1t2,-1
001, amOx/tlq

308u G10 TO 16,
00 e 1 17 "' N VS-r 4,( I )

G~~~~~ Z 132 A N)O "EIP I 1 ( 7 E'ý 4 . C-4,

0A83 5,!M4.C #VX L m
OCP4 GO rO lftV

C, ~ ~ .1L NP XI

0J 3'3 G" TC T Ib'

).] 9 172 ND:f)C N( I I
U.1e 2$ a , LC %0'I3- L C•) 157 C- V• -0 ,- 2 ,l- I l' 1



U0 91 A= t/L'A
JJ9? GL- TC. 16J

,L Q3 173 N [rý N( I )
ýC94 ~3= ( 2. ccýNoc- 1 L'C) 15 71.6.C4+-)D- IfINCH

,X695 A =DX/ IIA~
zcl; 16'J TAHA=CT4NfH (A

03(97 TAN!i=TNP
(098 42=ThAHA'CNE+TANr-'-*2 )/(C\!cE,1 AH-.!:?ý,TANz2)

ý;U99 B2=TANq4,( CNE-TAHA,,',Z)/ (C-NE+T Ah2m"?vANH-12
0100 Z14RE=(A~c2+6'd2 )/ (4yv2.4P~v2)

0 1\'0' EP RlI P S 0R I t(C Z14RF- Z 11RE I Z+Z14 1-Z 111') V
01)3 OLD 4( I

0 1 a5 T AHA=0T ANf-.(A
Clu6 DO 6ýCc J=1 2
0107 42J WE=CNE4STEF(K)*FCJ)

31(18KC-UNi=C
C109 4C I ,LNT zCkjtT+ I
0110 IFKCLNT.GT.1:) GC TZ 411
0111 GO TO 425
.0112 411 STEP(K)zSTEP(K)'-1C.U0
0113 GO TO 42.1

0114 425 IC~~t4E

0116 Z14>

0113 7e W
Oi11) A- .Ti)

rTTAk42 t~ý TA~,Z

.)122 14 P F1,#AZ f P2 P/ v' vP

0123 ~~14 1 P7 t41c0,LI2-L A21

~G: TI CT i4,3 Cj

0134 4 14 1 P cT114 1COwJ

0127G Tr ~

C120 ' J C4L
01291 F2 9 C I L
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014t4 ER'2I.;)=E ý- ijP I
J145 A= h :wE
U 1 46 TAI; ACT ANH(~

0143 fl2=T ANP V(NF-TAHA,",.2 I/ (,E+ tAJ4A -24TANER-?

0152 IF (E~iVG~l.1.LE EPCLC") :SC TC iJ2
0153 Z1'sRZ1JsPCC
0 15 ý Z1l4,!1=14ICC
0155 4=40L)J
015t) E RR' C P1 RC L
U15", STFP(.)=SCL-)
1158S 7CJ CCNT INLE
(A159 1F~~P.E..-~ CC TC 4.iJ
0 161 4 00 C31NII\1NL
0 161 450 ?112R1=ZCNF*A
o 16? 2 12 1 ý'=ZMNZCENt'1

0165 FCCtwL?-o2/'AC,1)**-
0166 w=3NE+PCC

cL)Ib H=7CNF1WC

t:171 C. 1C~ 1~ Z ;\i Ct C,\ 141 N )'

17 ,1 t(C I C ac I f f I C I C

0178 C1O CC)C iC 1ýCC2/34

uC 1912

L I A, Ct ;~.2 it K ' Ai' PC P , /L2 2C LP ,-Z K L~ 2Y'~ E ZL11

u ~~L I T 4 \u' At

c 1 16 fSi; IC 77
i i 47 elCALL ~EwYT



a .HI-TTAKER FPP(-43hIl b.5 GHZtAT -14tl54v2-,38t3u-3,4J2,5;j5,158 DEG.F.

DS SN c C2 C3 N co TENMP.0F"*C.
-028 5.?9 2.5'440 1 ,CCOC C.sg;80 3 4 .e83 0 23 .5J

U.0339 5.2951 2.514u, L.CýC 1.(CCCQO 3 4.884i 69.06
.0.036S 5.2775 2.544C 1 ..uu 0 1. LO IC D 3 4.,8b 46 87. e0
U .U40J3 5.2562 2.5446- 1 .C 0~ CO .CC25C 3 t.b842 15 u -7 V
0.(1 39 9 5. 23f,3 2 .544C) 1 , C'.'30 I.CC250 3 4.8847 2 0 6.1I0
0.0366 5. 23ý2 2. 5440J 1. CC 'V l.C -'2 50 3 4 .862 263 00
0.03k3 5. 3239 2. 5440 1 .C C 0C C,. SGý80 3 4.884-3 70. UO

&CCCN ST
DA= .51 -99)99 991; 9 ý90760I-02,At\= 6 .L'8 C CC C uC C C I I

FC= I.9;J399999999'999-,91 rLW= 6i. 0 0 L G)0 0 0 0 Oo 0 0 0 TANW=

.669999Y?999999999890-0-4,TC1= . 3 6 S ; ý9 9 gC ý; 5D- 13,

1C2= 53 65 9 ý99y9'9 999 999 5D-O 5 ,TC 3 1.50 33CODOWGGC000T0
2 3 5 00CJC C 0C C G ';C(,00 ,OD3= 48 E 3.C~,,jC ^C CCC C ' Ic I

T4 ,62g99G9999999,999999D-,4',TC5= .112Ja)I3'Vj0UC00v,3C2O-07,A5=
.4003JC)O)O3CJco019r)-03,A6= 40
Ci~.~4~u0V000)u C2= 1.QG380ý0OO~uGODU003 ,TC6=

.19429SSý9S99'i386D-04
&END

NS DS GCORR. FC B Kl K2 TA N

5.3289 .C.229 2.a54 A 1.8SE5 6.SC 3.L516 ~.14 46 S 0. CJ741 t
5.3132 C..C(286 2.4443 I.F6ýC 7,C2L2 3.(6E3 ).0175CL; .~5~
5.30)41 0.0316 2. 544-J 1.688'd I.C422 3.0742 ~..,A8966 6;,61
5.3110 0.034ý 2,5491 1.8716 7.-.2?77 3.:451 J.021141 CoCC6ýi43
5.3191 3-0;43 2.5516 1,E,"C2 7.( Illt 3.14'2 8 ji.a21123 G.01
5. 34310 0.6~3(9 2.5516 1.e4L5 6.O 2, 13'ý4 ~.1 c c,313 C

5.3428 J. 026~ 2.5444 1.M6E C'.S70 3.,)30$8 J.LlI&lC 55

0. c999999O+-) -J.6835D2D-OB

1..i o*0 oo,;+ ci - * I 'J 7 1 )6' 7
I UJJ(1Q&)O+Jl1 U5 i36"'?4U27

P +'031DI U .12 7 ?52 C-J(,
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PROGRAM 2. MULTILAYER RADOME ANALYSIS

FORTRAN IV Gi RELEASE 2.0

0001 INTEGER*4 ItJJJtKt,NKCUjNT
0002-.. REAL*8 TTA,ALP,BET,K2,PII3,ONEVWLFAi0I-(2-), .BC,D,ABA,,8,ARPR,

2ERRORIU,WtBOLDERCtDACL2,,TAATABCENAH.C,AB!),14I,TAN,CDM,S3LD),

91.D-1O,1.D-I.1,1.O-1.2/,F(2)/1.,-1./,PD8,EV2,SILLY(2) ,FU)N(2),
6R,RR,FRGR,#THETA,TGH2.,TGR,B2,AAA,ZETAM,VSWR,RE~FL,KEr-F,DA,TANEF

0001 COMPLE01 6 ZONE, ZCON E 4LPCPBET C, GAM4A,K IC, K2C, KC, ZOv LiTHRB,RB,
2TH, ZB,SHGRR, SHGRI, SHGR, SHGIE , EV YB, ZET'A

0004 DIMENSION DATE(tq tALP(lO),BET(1O),GAMiMA(lC),7A10) ,P(10),OBS(101v
2AR(101hRR(10),RBRI1•fl,TH(IO),EC1OZ3(10),Kl(l13hTAN(1O),T(IO)

0005 EQUIVALENCE (AKE(flTHRJ3),SILLY(U),EV),(FUNWl,YB)
0006 NAMEL ISTI IN/Kl ,TAN #TN#WL/OUT/GAMMAi Z, ZBIOUT I/At Bi ERROJR 19 C

2D/OUT3/CqD/O)UT2/48,TH ZEi,SHGRRSHGRI ,SHGRSHGI ,A,B,E,THRB,THETR,
3 ERR OR 1

0007 200 FORMAT(1XvliOA441
0008 201 FORMAT(IH,2OXfl-'4`
0009 202 FORMAT(ViC5,23X,~9HLAYýiR NO.v4X,'4HKl.,6X,9HTAN DELTtk, X,

212HTH ICKNE SS , CV , 2 K92)HACCUMALA i IVE LOS S, DB,2X v 13HL AY ER LOSS #DB*
32XI6HPHASE SHIr-TDEG.)

0010 300 FORMATt28X'2,2X~Fg.5,ýXoFýV7,'2XF8.4,t0X,Fll.7,6X,FIl..7,9X,F8.3)
001.1 302 FORMAT (25Y- , K NPUT VSt-Rv#I ,rXý9.694X,2JH REFLECT ION LOSSt 03=, IX,

2F8,'i)
0012 303 FORMAT(25Xtd2HEFFECTIVE K=,lX#F9.6*3X.21HEFFECTIVE TAN DELTA -#

21X,F 10.7)
0013 77 REAQ(5,200,ENO=88) CATE
0014 WRITE(69201) CATF
0015 REA015,,N)
0016 PT!m3.1415q2653600
0017 P112-6.23318E3C72DO
0018 PTI 3=P It2/WL
0019 0NE=1.00
0020 ZONFr:(l.C0,0.00)
0021 ZoONF=(0.n0,1.00)
0022 Z0=377.00*70NE

0023 DO 10 J=1,h
0024 TA=I)S0RT(0NE+ YA?~(j)**2)
0025 ALP(Jh-PT13A0SCTIK1(J)5.0)-1I*TA-CNE) )*T(J)
0026 8ET(J)ePI I?t*SCRT(K1 (j)*5.0-1*(TA4ýCNE1 )1 (J)
0027 ALPCr7CNE*tALP(J)
00)28 RF TC=ZOONE *BET (J)
0029 GAmA(J)=ALPC4AETC
0030 K2tKI (J )taTANýJ)
0031 K2C=7CCN-E*K2
0032 K1C=KIUJ)*ZONE
0033 KCcK1C.K2C
0034 Z(J)=?C/C0SQlRT(KC)
0035 10) CONTINUE
0036 s1ti~oco
0111? E( I) -ZCIf-
0030 P( i=cNE/)77.D0
OV19 Z(N+Ilk?0
0040 za(lthQo
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0041 TH-RB=ZO/Z(l1
0042 WR ITE (6,202)
0043 00 13 J~ltN
0044 C=FAKE(l)
0345 D=FAKE(E2)
0046 R=DSORT'(C**?+D**2)
0047 IF(R .GT. CNE) GO TO 33
0048 tFR=Z.DO*R/(CNE4.P**2)
0049 GR=2.DO*R/(CKE-R**2)
0050 THETA=DATAN(0/C)
0051 TGH2A=FR*(flCCS(Tl-ETA
0052 TG2B=GR*DSIN(THETA)
0053 GO rln 34
0054 33 RR=ONE/R
0055 FR~m2.DC*IRR/(ONE+RR**2)
0056 GR=-2.CO*RP/(CNE-RR**21
0057 THETA=CATAN4 ([/C)
0058 TGH7A=FR*DCOS(THETA)
0059 TG28-GIM*STN(THETA)
0060 34 B2=DATAN(TO28
0061 [(R .Gf. CNE~ B2=P[I+B2
0062 B=OTAN U0. 5CO*R2)
0063 AAA=C.2500*DLOG((ONE4.TGH2A)/(ONE-TGH2A))
0064 AvODANtA~AA
0065 50 ABON+A~e)**~2
0066 ABC=A*tGNE#A**2)/AFA-C)**2
0061 8mRtN-A*)A-)*
0068 ERR0R~u0SQRY(AeC.-A80V
0069 D0 400 K=1922
0070 SOLIDhSTEP(K)
0071 DO 600 JJ!4,2
00*12 420 WEu2ONE+STEF(K)*FIJJ)
0073 KOUNT--O
0014 401 KONoON~
0075 425 BOLO-8
0076 EROtD=EPRORI
C077 6BW
0079 ABm0NE#(A*FR)**-C
0079 A8Cz(A*(0NE,8H'*2) /AA-C I**2
0080 A8O=(6*(ONE-A**2)/A8-C)**2
0081 ERR9R1=OSQRT(APC-ABD.
0082 FEURPOR1.LE-EIRCL.0) GO TO 401
0OA3 6010t
0084 ER0Rtr~nEROLD
0085 STEIiPKhSOLD
0086 600 CONTINVE
C087 00 700 JJ1-I,2
0088 421 WE4Iofl'.STEF(k WPJJ
0089 K0IJNT=0
0090 40 2 KOUNT=KCLINTBA
0091 420 AOLD-A
0092 EROLO=ERRORI
.'~093 4AW
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A)094 ABWf) + (A*B) **2
0093 ABC=tA*(ONF+B**2).'AB-C)**2
00116 At3O=t8*(0NE-A**2)/A8-C)**2
0097 ERRORJi-4SQRT(ABC+AB0)
0098 IF(ERRORILE.ERCLO) GO TO 402
0099 A=AOLD I

0100. ERRCRI FROLD
0101 STEPK )=SOLD
0102 700 CONTINZ.E
fl103 IFIERROR1.LE.L.D-12) GC TO 450
0104 400 CONTINUE
0105 4ý'D t-R(Jh=0.5DC*DLOG(( +4)/(1-A))
0106 BRIJ)=DATAN(B)
0107 RB(J)=ZCNE*AR(J) +ZOONE*ER (J)
0108 AA=ALP(J)+AR(J)
0109 BB=BET(J)+BR(J)
ol1lj TA..=DTANH(AA)
0111 TAB=DT AN( 9B)
0112 DENm0KNF+(TAA*TA8)**2
0113 THi(J)=ZONE*(TAA*(ONE+TAB**2 )/DEN)4ZOONE* (TAB*(ONE-TAAv*2)/OEN)

OL14 ZB(J+l)=l(J)*TH(J)
011.5 TR~8.~lf(
0116 SHGRR=ZC .*(0SlNH(AA)*CCOS(BB))
0117 SHGRI=ýD0NE*(0CCSH(AA)*DSINt8B))
0116 S~j=O~(jIHARJ)DO(RJ)
0119 SHG!cZO0NE*(OCCSH(ARIJ))*flSIN(BR(J)i)
0120 E(+lEJ*SGRSCt'ltH;+HI
0121 . YF>7CNE/ZRl J+1)
0122 EV=EtJ+l)
0123 t-v2-SI LL(1**24SlLLY (Z)**2
0124 P (J + I) = V 2,r-LlN (I
0125 THEITR-ATt&N(SlL.Y{Ž)/SlL.L~t1)
0126 iFtSif.LYi2) L11. J.DO .AND,. SIL'J(ll ..GT. 0.00) THETR&(HETP-PI12
0127 XF(SILLY(2) ~LT. 0.00 .ANO,. STLLYUl) .LT. C.00) THETR=THE1R+Pll
0128 IF(SIL1.Y(2) .GT. C.D3 A.AC. SiLLYM1 LT,, 0.00) THETR=THETR+PlI
0129 SUJ4T ( A+ SUM
0130 XM2,D0*SUM/lL
0131 0=0.00
0132 IFtX .GT.~ Q) GO TO 12
0133 GO TO 14
0134 1Z Q=QtONE
0135 IFIX .GT. C) CC TC I.?
0136 14 Qm0-ONE
0137 -,HEO=57.2q9577S5rA)vTtFT RQ* 180 w0- 360. CO*SU.VWL
0138 IFITPT~D .^7T. 180.00) T14ED=TATD-l80.tJ0
01.39 0EBS(.J)=1O.fl*O'LOGI. (P(Jt1)fH(Jl
0140 t3zC0*LGOPJ1/C~
0141 WRITU(6g3001 JvK1(JhTAN.J),r(j),D13,D8S(J),THETD
3142 13 CONTINUE
014.4 2EIA=( ZR(N*1)-ZC )/IZ8(N->1)4ZO)
01.44 ZETAM=C0ARS(ZFTA)
0145 VSWR=(CNE4ýZETAfli/(C~NEC-ETAM-)
0146 REFL =lO.OO00.LC,1D( ONE/ (ti'tE-ZETAM**2))
0147 WP.ITE(C,3021 VSdqR,kEFL
01.48 KFPFFEWL*THIET0/ ( 60.C0O'SUM) +ONE 1*02
01.49 D~S6bC4860* ,ý*LrfTKF./('I~*WL)
0150 TANEF=0SQRH(2.CC/CA**2rthEiOA*t*4)
0111 WRIth(69AC31 KEf-&,'IANEF
0152 GO TO0 77
0153 88 CAIL EXIT
0154 END0
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PR0GRAIM 3. OPEN-CIRCUIT AND SHORT-CIRCUIT MEASUREMENT")

FORTRAN IV G1 RELEASE 2.0

0001 INTFCEP."4 IJ,KN,NX

9KAPPA,KAPPACtL1 ,L2tL3,R,TANDITA.NnC,32,D,03,
3COSINE,FC,t~,ZM,Y1,TAHA,TANR3,PII,P112,ZRQo,LNEP,STEP(22)/i.50-2,
41 .2D-2 I
41.fl-2,7.3-3,5.D-3,2.D-3 , I D-3, 5.0-'ý,2.D-4, 1..0-4,5i.D-3, 2.0-5,
5 1 0-5,

OCCJ3 CCMPLEX4Ib ZlZ 2 ,Z3 ,Z.%Zl~uZLI,Zl2,i13,Zl4R, Z141 ,Z4,
2Z1 , Z12 NEWiZ 12R E tZ1 2 1PtZ1 2S QvG ,H 9Z 15, Z24,pZON E, LGGNE

0004 REAL*8 SILI.Y(P) ,FAKE(2)
0005 EQUIIVALENCý (SlLLY(j),Z11),(FAKE(l),Z15)
Q,0 06 D IME NS I CN D')C(3(),SN (3')0 #D(3 0)D2 (30 )D3 (30 ),9N(3 Q UA T E19)

0007 NAV¶EL IST/ IN/f)StS1\N,,tNX,D,0D2 )3/CONJSTOA, AN, FCW,LW,
2TANW,CI ,C2

u(,~08 200 FC;RVAT(1Xt1SA4)
0C09 70Ot FC',R,4&T ( HY,2(X, 19A4)
.0010 220 FLJRMAT(1HAC,5Xtl~t-FS,8Y,2HiEN,bXtl.H0,7X,2I-iD2,7X,2H03,6X,1HýN)
0011 230 FCRMiAT(2X,%-.4,1X,r3.4,,2X,F7.4,2X,Fb5.4,2X,F8.5,2X, 12)
0012 10.3 FOR~MAT( Lj,)5Xv2S-N,6Xv2DS,6X, 1HbsX,2HK1 t9Xt&'HK2,9X,3HT4N*

0013 3..O FCORMAT(2XF7.4,2Xr-7.-4,1X,F7.3 ,1X,FI.4 ,3XF9.6,3X,F9.6,3XFj3.&1

0014 77 kdEA0(5 , 2;0,EN C-88) ONTE
00 15 WPATE(br2JI) DATE
0016 R E A C( 5 1 N
0017 RE-AD(5,CCNST)
0018 WRITE(6,223)
0U19 WFATE(6,230) (CS(I )SUIO ,2J)D()N ) ~,X

002U WillT E (6 XON S T
0021 WRITE(6,100)
0022 ZLNLE1I UCf 10.0IX
0023 ZOONE=(C.D0,1O .CC)
0024 P11=31416.C-4
U025 PIIa6283Z.C-4
0026 ZRQVO.cc
0027 ONEr1.00
0028 00 10 1=1,Nx
0029 lF(SN(fl.EC.,AN) GO TO 10
0030 XE--0(I I f.L 1
0031. K3=LW ( P 1 2 ý)(1)I
0032 Y=Pll2*(XF-AN+SK(t))/LW.
C033 0X=')St 1)-()4
0334 lF(DX.LC.Zlz(fl GC TO 1
Uu35 COJSI NL=CCCS( 01tt*DX/L4 )1!*2
0036 X=I)SINf P1I-Xtý)D.RT' .ýC'lz

oa~l Yi=(.TAN(Y I
0u38 11=7ccNFvY3.

110 91 Z 2 A ZC NE wX
004CO 72rZ2A-7L
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Q(.4l Z3=ZCNE-Z2A-ZI
0042 Z9= 72/Z 3
C043 ZIO=ZCCNE'-(-K3)

0045 Z11RE=SILLY(l)
0046 Z11IM--SILLY(2)
0047 ZM=!DSQRT(ZlIRE=*24-ZlLTM**2)
0048 IF(N(I) .EQ. 1) GC TO 141
0049 IF(N(I) .GE. 2) GC TO 142
005(, 14 1 IF (Z MLE.:IIKE.AN .Z 1 IRE C-EZRi3) GO TO0 150
0051 IF(ZM.LE,2N-[E.ANC.Z11RE.LT.ZRJI GO TJ 151
0'052 IF(ZM.GTI.ONE.ANC.Z11?SE.GC-.ZR3I) GC TC 152
0053 1 F (Z G T ,0N E o N C ,Z11 RE.LT .Z RJ) GO T J 153
OOct, 142 IF(ZM4.LE.CNE.ANC.Zl1RE.GE.ZR'J) GO TO0 170
0055 IF(ZM.LE.CNE.AtNr).Z11l.E.LT.ZRJ) GO T 3 171
0056~ IF(ZM.GT.!'E.ANOD.Zll1E.C-E.LR)) GO TO 172
0U57 IF(ZM'.GT.OiNE.ANO.Z1LrPE.LT.LRIa GO 10 173

*0058 150 B=ONE
C059 A4.--0/.
0060j GO TO 160
0061 151 B=22.0-1

Ou62 A=2.DCtDX/LW
C'063 GO TO 163
0064 152 R=C NE
0065 A =6 .D ý' D'(t
C066 GO T C 160

0063 A=OX/LW'
0069 GO TO 160

*(037C 17C NO8=N(I)
O*T B07 8( NDI-CNE *P 11+7f54 C-4
0072 A-4 . D X O/L~
0373 GO TO I16U
0074 171 NO8S-N(lI
0075 DNr08VP1I-lE54,C-4
0U76 A- 4 .rO~v CX / L
007 72 G0* TO 16')

0078172NOO-N(t)
0079
o008 A=0K/Lý
0081 Ga TO 160
0082 171 ND 8 1 1

U085 16u TAH&='CTtNH(A)
0086 TANBD-iA)
0087 A?=TA!i4to4.(C-E#.TANulym2-)/( NE+TAHA~t*2*TANt3-*2)

0089 Z14R (AA~2+qSi2 )/ (A* 124R s*2)

0092 DO 400 K=19?2
0093 SOL~mSTEP(K)



0094 TA1-i=f)TANH( A I
(095 DO bca J=192
OC96 420 WE=CNE*STEF(K),xF(J)
0C97 KOUNT=O
0098 401. KC1'NT=KCUNTHl
0099 IF(KOUNT.GT.10) GC TJ 41.1

0100 GO TO 425
01.01. 41.1 STEP(K)=3TEP(K)*lO.C0
01.02 G'O TO 420'
0103 425 BOL)=B
0104 Z141CD=ZL1ettT
010t)5 Z14ROJ=Zl4RE
olUb EROLD=ERRCP1
01.07 B=(i*WE
01.08 TANB=DTAN(E)

K.Q1(-9 42=TAH A* ( CN E +TAN 81*2 /C N E+TAH A-,2 7T AN B'4

01.10 B2=TANB*(ONE-TAHAl',2) /(CNE4TAHA*c2*TANP.IA2)

0111. Z 14RE= (A*t42+ce?2 ) / (Ar2+eAA2)

0112 Z 14 1M( A* 2 -9 A 2 0 'f Y2 + P 2

01.13 E P R P ICS Q KT Z (10 E- Z11 RE) 2h+iZ14 1M-Z 111Im 2)

0114 IF(FRR0Rl.LE.ERCLC) Gý) TO 401

0115 Z141M=Zl4ICD
0116 Z14RE=7.14RCO
C1.1l B=,ALD

* 01.19 STEP(K)=SOLP0
0120 6C 0 CONT INUE

0121 TA~t3OTAN(P)
*0122 DO 700 J~lo2

0123 421 Wi=3NE+STEF(K)*FCJ)
0124 KGUINT:0
0 125 'a02 KL -TKCUNT*1
0126 IF(KCUtNT.GI.101 GO TO 412

0127 GO TO 42a

0123 412 STEP(K)wSTEP(K)*10.03

* 01.29 GL.- TO 421

0130 42 8' 4OLO-A
0131 Z14Q000=14PE
01k32 Z141C0±Z14[u
0133 EP0L0=EP4J41
0134 AAW
0135 T4HA= DT ANH ( t.
0136 A 2= T A1 4 V JN F +Tf.N',A*xe2) / t C N4-T AIAo,2 ýT AN? 2)

0139 A14II 2(A A2WA2 )/4-2 +H Q

0~41 IFiFRCPl.LE.EPCI.O) GC TO 402

U142 Z14REZI.tRCC
0143 Z 14 1 v= Z14 1 C
0144 AAL
0 145 5 ý R nR I R L C
U146) STE Pt =)~L-)
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0147 7'U0 CONT INUE
0148 IF( E."C lI..E. 1 C-6) GC- TC 43.
0149 43,. CONTINUE
0150 450 112P.E=ZCNE*ft
0151 Z121PZCCNEwB
0152 AG( I =A
0153 SG( I) =a
0 154 Z12NEW= (U2RE+ZlZI.M[)*?
0155 L14R.=Z 14RE*ZCNE
0156 Z141=Zl4f.%fwZCCNE
015T Z14=Zl4R+Zl41
0158 Z13=-Zl2N'W4K34*2
U159 G=iCNF*FC
016u H=EJNE*W
U161 Z15=(G+Z13 )iI-
0162 RA=F4KE ( 1
0163 AIM=-FAKE(2)
0164 IF(FC.GT.C.CC) GG TC 210
0165 KAPPA=FAKE(l).
0166 TANC=Alt'/RA
0j167 L1I=DLOG1.(r2(I )/C1)*CL~CGCiCC2/03Ul))
0168 L2=DLOGIJ(C3(f~l/z(1))
0169 L?=O1CG10,(CZ/Cl)
0170 Rml..-Ll*i(4PPA~~ 1.4TA\JCr'v2)/L3
0 L7 1 KAPCIvKPA(L/Z-.LVAP/2(.RL/2
0172 TANOCC&AND/R
0173 RE=K.APDAC
0174 Ttd'=TAK0C-T.ANW
C175 AIM=RE.-T4.m
0176 GO TO 15
0117 2110 !F (LW.GT .5.()06. AN .,L6,LT s7 o t GO TC 2 11
0178 IF(LWý.GT,3.40.oAwo4.L.J.LT.4.1o.jI GO TO 212
0179 IF(LW.GT.2.0Q.ANO).LW.LT.3.Co) GO TO 213
0180 211 RER~3804(A*--AvC-31)C
0101 GO TO 18
C102 212 RER+38C4(A12R~v65*--3i)65.-

*0183 GO TO 18
0184 213 R ýA86.,I-R-2Q)(70D4[3l)35.-
0105 18 TA)~vAIP/RE-TA,%W
0186 AIM=REITA.\4
0107 15 WPIT-(6,300) SN(I),1)(i),e,Qe,AIM,T4'¶,y11,z14
0188 13 CONTINI.E
0189 66 RFAO(5,[N)
0 19(; kEAO(5,CJNST)
0191 WPITE(6,2201
0192 WRITE(6,?30) (OS(1bS'J()(1)t!( 3#2(I),03(1IbN(1h1l=1,NX)
0193 WPiT1E(6vC2NSI)
0194 WR ITTE 6vI ,C 0
0195 11 00 2-' 1z1,KX
0196 IFlSNfI).EQ.AN) GO TJJ 21
0197 XEmSN(1)*25.C-2ý'LW-AN-C(I)
oi98 Y2 1 F
0199 ox4YS( 1-CA
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0200 IF(iOX*LE.ZRC) GC TO 21.
0201 COSltE=0CO-lcPr1*DX/L1r)ýv-2
0202 X=SN I 0/l%/D'R(,(-0IE
0203 Yl=DTAN(Y)
0204 Z 1=Z0OEY I
0205 Z2A=ZC\E~tX
0206 Z2=Z2A-Z1.
0207 Z3=Z0NE-Z2AMZ1
02U8 Z4=Z2/Z3
0209 K3=LW/ (PI I2ýC ( I)
021.0 ZlC=7CCNE/K3
021.1 Z11.=ZlO/Z4t
02 12 Z 11 RE=Sl LLY( 1 )
0213 21.1.M=SILLY(2)
02 14t A=AG ( I)
0215 B=BG I )
021.t TAHA=CT~lNH ( A
021.7 TANB=DTAN(B)
0210 A2zTAHA~ICNE+TANRV**2) /CONE+TAHA*v2*TANB~*A2)
0219 82=TA.N3m( CNE-TAH~yi*2/(CN EaTAHA**2*TANB**2)
0220 Z14RE=A'*2-Bv92
0221 Z 141 m=A* 32 +*4~2
022? EPR0IRl=DSQRT((Z1.4RE-L1.1RE)"-'2$(Zl4tM-Zll11M) -*2)
0223 DO 4lu K=L,22
0224 'TAHA=OTANH(A)
0225 00 610 J=1..2
0226 WEt-NE+STFFtK)wF(.J)
0227 525 30jLD=R
0229 Z141CD=ZI14~T
u22,4 Z14ROD=ZI4RE
023u FROU0=ERJR0PI
0231 B= ('
0232 TANgmiDTAN(P)
0233 A.2t:TAt4A ( CNE .TAN3*p2) /(CN E+T HA*t*2*TANSt*w2)

0234 - 2T ANv (ON F-TAHA-2)/('NE+T AHA**2*TANBv.2 I
0235 L141E=AVA2-Rw02
0236 Z 141 MA*42 +6 A2
0 2237 ER .R =.Q T ( lR - IRE * 2 ( l l -l llg2
0238 IF(EARCPi,.LE.FRCL0) ;C: TO 525
0239 Z141M=Z141CD.

Oý4J 114RF--714RCO
0241 B= L
0242 ERP CR I ER L C
0243 61,) CONT INUE
0241o TAN03-DTANfP)
0245 00 710) J=1,2
0246 WE*CNE+STEcP(KV*F(J)
0247 528 ACLD=A
U24B Z14RCr>=Zl4PC
0249 Z 14 1 CGZ1.4 IM
0250 EROLD=FAtRORI
0251 =xW
0252 TAH4=0TA&NH(4)



0253 A :T W" -N-+~\,,2 (-ET H - 2x N5ý*
U02 54 B2=TV463t(CE-T AHAII *2 ýETHAu22A~v2
0255 Z I4RE =,i-A2-3*.32
0256 Z 41'i l +il4
0257 ERRPlk =DS OR T Z14RF-Z I PE )**2-( Z14IM-Z l11141 -2)
O258 IF(ERPCR~1.LE.ERCLD) GO TO 5263
0259 Z1'iPE=Z14RCC
0260 Z141M=Zl4lCD
C026 1 A=A'LD
0262 ERRPl=FRCL0
0263 71u CCNTINJE
0264 IF(ERRkOP1LE.I.CD-t) GO TO 460
U26t)5 410 CONTINUE
02,66 460 Z12LRE=ZC.NE*A
0267 ZlZTM=ZCO)NE4B
0268 Z I2NE 14 1Z I2R E+Z 12I1M) x*2.
0269 Z I3=- Z I2N1E XK 34* 2
0270 Z 14 R=Z 144kEZCNE
0271 ZlAT=Zl1fiM*I.CCNE
0272 i1',=ZtttR+?141
0273 G=ZCNE*FC
02)74 H=ZONEI-A
0275 1=GZ3h
0276 RA=FAKEUl)
0277 l'lFAE2
0278 1 F (FC Gl cr~o GO TO 310
0279 KAPA=F4K(lC)

U280 TAND-IVAP
0281 Lb=DUJG1j(C2(l )/Cl)ftCL0Glj(C2/03(1))
0282 L2=DLOLGl12C3(1)/02(l))
0283 L3-OLOGI)(Ce'/Cl)
0284 R=1.-t.1KAPPA'( 1.+TANC%-2)/L3

02 86 T ANDC =T ,NO/ R
0287 REaKAPPAC
0288 TAM-TANOC 4ANW
(1289 ART#
0290 GO TO 16
0291 31,) !F(LW.GT.5.IJC.Af\D.LWtLT.7.D0) Gý'O TO 311
0292 G:) TO 312
0293 IFHLW.GT,2.OC.4AN0.LW.LT.3.D') GO) TC 313
t;294 311 P*2R)*C.3 /2
02S5 GO T'ý 2~
32,96 312 R -RA48 69. -, R * - ) f" 0 (- -) 1 1/ 2 0 -
0797 GO TO 280
u290 313
U299 23 TMAV7AY/RE-TANW
G~300 AIV=E*TAM
030t 16 WR ITTE-6 3C ) SIN( I OS( I BR E,#A I ITAM 9 Z I IZA
0302 GC TO 20
03%13 2 1 1R 17F 6 91 A
0304 110 FIRPAT tl~Jv5Xt2Q0.MEASUREMA.--T NOT MA()Ei/)
0 3" 5 20 C( INT INLJE



U306 GL TO' 77
0307 893 CALL EXIT
0303 END

-- 4...
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WHITTAKER DD31b4XiOr4,o3l4-11x2,0O-401*2,ASk-lJ5ý,JV'2 8.5GHZ, 22 OFG C

Os SN D 02 03 N
0.1555 5.7375 2,5575 1.0OuO l.C0030 3

. 0*1624 5.7428 2.5575 1.3000 l.C0030 3
0.1582 5.7437 2.5575 1.3C0 I.CCC30 3
0.1495 5.7467 2.5575 1.OCO0 1.OC030 3
0.0356 5.7335 2.6800 I.CCJC C.S730 3
"0.0461 5.7126 2.6800 I.ZGO 0.9S730 3
0.0215 5,9288 2c.544U 1.3CO0 C.9998C 3
0.0197 5.9579 2.5440 1.300G C.S9980 3
0.0398 5.8605 2.54L5 1.3ooo I.CCC0oo 3
0.0395 5.8813 2.5415 1. GOJ 1. eCCO0 3

&CONST
DA= .14999999S99f9999980-C2,AN= 6.7CS40CCCOJOOZL003

6.0001-3000000U00000 ,TA:4W= .44S99gS99 9 q99 9 9 9940-04,
&END ECTa

NS DS B Kt K2 TAN

5.7375 0.1555 7.328 3.2613 0.,058525 0.017945
5.7428 0.1624 7.323 3.2576 0M061820 C.018977
5.7437 0.1582 7.321 3.2567 0.060351 0.U18532
5.7467 0.1495 76317 3.2537 0.C57426 0.017649
5.7335 G.0356 7.422 3.1049 --- b0009344 0. U03009
5.7126 0.0461 7.440 3.1160 0.011813 0.003790
5.9288 0.0215 7.035 3.0640 0.0121•08 0.00392z6
5.9579 0.0197 6.981 3.0467 0.0116,5 0.003835
5,0805 0.039[3 7.111 3*1ý29 0.C21131 0.006723
5.8813 0,0395 7.112 3.1420 0.021003 0.006684

aS SN D D2 03 N
0.0795 7.8979 2.5575 1.0000 1.C3030 3
0.0761 7.8991 2.5515 1.0000 I.CO030 3
0.0803 7.8951 2.5575 1,CGOC I.COG30 3

- 0.0765 7.8955 2.5575 1.0LOO I.CO030 3
0.0112 7.96ql 2.6880 I.GOOO 0.97 30 3
0.0194 7.9845 2.6800 IvO0O3 C.S?730 3
0.0281 5.0660 2.5440 1.GU0 o.9qgao 3
0.02?6 5.0358 2.544C l.00OC C.SS;80 3
0.0368 7,9771 2.5415 1.01ý30 1.0300 3
0.0369 7.9769 2.5415 ,.CCuO I CC 00% 3

&CONST
to Am , -it •-) Olt) GuCC GO00 C00-02, AN= 6.622ZUCCCCOCCU0O011

b6.00300UO 00-0000 ,TANW=S&ENO ECT,

NS 05 8 KI . KZ. . TAN

7.8979 0.0795 7.285 3.2311 0.054786 J.0l-o956
7.6991 0.0761 7.283 3.2296 0.L,2219 C.01619o
703951 0.0803 ".291 3.2350 0.055780 G.017242
7.8955 0.U765 7.2ql 3.2348 C.C51C2b 0.016392
7.909i J.L112 7.373 3.3723 C.,(6370 C.30L073
7.9845 0.0194 7.383 3.0T89 C.G12c90 0.0,3927
5.0660 0.0281 6.991 3.0537 C.G,11416 C.'03764
5.0358 0.0276 7.031 3.081q 0.(0|217U 0.003949
7.9771 0.C368 7.115 3.1439 C.019229 0.,00ll6
7.9769 0.0369 7.115 3.1441 C.C192q4 C.06C137


